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TO THE EDITOR
Epidermolytic ichthyosis (EI), previously
termed epidermolytic hyperkeratosis
(MIM113800), is a rare disorder
characterized by congenital erythema,
various degrees of scaling, and palmo-
plantar keratoderma, as well as epider-
mal blisters, which are typically more
prominent at birth (Porter and Lane,
2003; McLean and Moore, 2011). It
has been shown to be caused by muta-
tions in KRT1 (MIM139350), encoding
keratin 1, and KRT10 (MIM148080),
encoding keratin 10 (McLean and
Moore, 2011). EI is usually inherited
in a dominant manner, with up to
one half of the cases being due to
de novo mutations; rare cases have
been shown to result from recessive
mutations in KRT10 (Chamcheu
et al., 2011). In the present study, we
report a case of semidominant inheri-
tance in EI.
A 2-year-old female child was
referred to our clinic for evaluation with
a suspected diagnosis of epidermolysis
bullosa simplex (EBS; MIM131900). The
parents of the child were first-degree
cousins. At birth, the skin of the proband
was red and was covered with numer-
ous tense blisters. From 2 weeks of age,
scales were observed over the body and
palmoplantar skin, and blister formation
was observed mainly over the palms
and soles. On examination, hyperkera-
totic areas were noted over her palms
(Figure 1a), soles, nape, axillae, and
knees. A skin biopsy disclosed hyperker-
atosis, hypergranulosis, acanthosis, and
epidermolytic changes in the upper
spinous layers (Figure 1b). On the basis
of these data, a diagnosis of EI was
established.
All participants provided written and
informed consent according to a
protocol approved by the local Helsinki
Committee and by the Committee for
Genetic Studies of the Israeli Ministry of
Health. DNA was extracted from
peripheral blood leukocytes using the
salt/chloroform extraction method.
Genomic DNA was PCR-amplified
using primer pairs spanning the entire
coding sequence, as well as intron–exon
boundaries of the KRT1 gene, as
described previously (Whittock et al.,
2000; Tal et al., 2005). Direct
sequencing of the gene in the proband
revealed a G4A transition at position
c.544 of the KRT1 cDNA. This mutation
results in the substitution of a lysine for a
glutamic acid at amino-acid position
182 (p.E182K) (Figure 1c). Both parents
were found to carry the mutation in a
heterozygous state. We then PCR-ampli-
fied a 104-bp-long fragment from
genomic DNA with a mutation-specific
primer pair (50-CAACCAGAGCCTTCTT
CAGC-30 and 50-CAAATTGGTTGTTG
AGTGACTTGATAAG-30). The mutation
c.544G4A creates a recognition site for
DNA endonuclease HindIII at position
74 of the 104-bp-long PCR fragment.
We used this PCR–restriction fragment
length polymorphism (PCR–RFLP) assay
to confirm segregation of the mutation
in the family (Figure 1d) and to exclude
it from a panel of 350 population-
matched control individuals.
Keratins are organized as central
alpha-helical rod segments flanked by
nonhelical end domains of varying
sequence. The central rod domain is
composed of alpha-helical coiled-coil
domains (1A, 1B, 2A, 2B) interrupted
by nonhelical linker segments (Fuchs
and Weber, 1994; Steinert et al.,
1994). The central rod domains are
critical for the assembly of keratin
filaments (Kirfel et al., 2003; Porter and
Lane, 2003). The missense mutation
identified in this study, p.E182K, is at
position 2 in the highly conserved
helix initiation motif of KRT1 1A rod
domain (Figure 1e, conservation score
by Conseq¼ 9, range 1–9; http://conseq.
tau.ac.il/). Accordingly, both Poly-Phen
and SIFT browsers predict a markedly
deleterious effect of p.E182K on
protein function (Poly-Phen-2¼ 1, range
1–0, http://genetics.bwh.harvard.edu/
pph2/index.shtml; SIFT¼0, range 1–0,
http://sift.jcvi.org). EI-causing mutations
in KRT1 have been described in the
vicinity of E182 (Yang et al., 1996).
Yet, unlike all other 40 EI-causing
mutations in KRT1 reported to date to
be inherited in a dominant manner
(http://www.interfil.org), p.E182K was
found in the proband in a homozygous
state, suggesting either recessive or
semidominant inheritance. The fact
that the parents of the proband
were related provided further support
to this possibility. Although both parents
denied any skin manifestations, on
physical examination they were both
found to have mild calluses over the
palms (Figure 1f), as well as barely
detectable diffuse thickening of the
plantar surfaces. As calluses are com-
mon in the general population and have
been previously suggested to be asso-
ciated with mutations in a keratin gene
(Wilson et al., 2011), we performed a
skin biopsy of one of the calluses in
the father of the proband. Light micro-
scopy revealed typical epidermolytic
changes, albeit less extensive than
those in the proband (Figure 1g). Thus,
on the basis of the results of the
molecular analysis and the histopatho-
logical findings in the father of the
proband, we concluded that EI is
inherited in a semidominant manner in
this family. These observations are in
contrast with recessive EI due to muta-
tions in KRT10, in which heterozygous
carriers were reported as healthy (Muller
et al., 2006).
LETTERS TO THE EDITOR
Accepted article preview online 19 April 2013; published online 16 May 2013
Abbreviations: EBS, epidermolysis bullosa simplex; EI, epidermolytic ichthyosis; RFLP, restriction fragment
length polymorphism
2626 Journal of Investigative Dermatology (2013), Volume 133 & 2013 The Society for Investigative Dermatology
Semidominant inheritance has been
reported in numerous nondermato-
logical disorders such as autosomal
optic atrophy (Pesch et al., 2001) or
Alzheimer’s disease (Genin et al., 2011).
Semidominant inheritance has also
been reported in genodermatoses, as in
ichthyosis vulgaris (Smith et al., 2006;
McGrath and Uitto, 2008) and some
keratin disorders such as monilethrix
(Horev et al., 2000), EBS (Hu et al.,
1997), and pachyonychia congenita
(Wilson et al., 2012), but has never
been so far described in EI. It is of
interest that semidominant inheritance
of a mutation in KRT5 similar to that
detected in the present study in KRT1
has been reported in a case of EBS
(Oldak et al., 2011). The present data
not only expand the spectrum of modes
of inheritance in EI but also suggest that
mild mutations in KRT1 may be a rare
cause of simple and common callosities.
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Figure 1. Clinical features and molecular analysis. (a) The proband displays diffuse and yellowish hyperkeratosis on the palmar surface. (b) On histology,
examination of a skin biopsy obtained from the proband reveals hyperorthokeratosis, hypergranulosis, and acanthosis along with epidermolytic changes
throughout the spinous layers ((hematoxylin & eosin; bar¼ 100mm). (c) Direct sequencing of KRT1 revealed in the proband a homozygous G4A transition (arrow)
at position c.544 of the complementary DNA sequence. Her father and mother carried the mutation in a heterozygous state. The wild-type sequence is given for
comparison in the upper panel (control). (d) PCR–restriction fragment length polymorphism analysis confirmed the co-segregation of the mutation with the disease
phenotype in the family. Mutation c.544G4A creates a recognition site for DNA endonuclease HindIII at position 74 of a 104-bp-long PCR fragment.
Homozygous patient displays a fully cleaved product (fragments of 74 and 30 bp), whereas the heterozygous carriers show both wild-type fragment (104 bp) and
cleaved fragments. (e) The mutation is predicted to result in amino-acid substitution p.E182K. Conseq analysis attributes a maximal conservation score to residues
E182 (http://conseq.tau.ac.il/) (arrow). (f) The father of the proband shows minimal callus-like yellowish papules mainly distributed at the base of the fingers (inset).
(g) Histopathological examination of a skin biopsy obtained from one of the father’s calluses reveals hyperorthokeratosis, hypergranulosis, acanthosis, and
epidermolytic changes in the upper spinous layers (hematoxylin & eosin; bar¼ 100mm).
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TO THE EDITOR
Striae distensae, or stretch marks, are a
common skin condition that appear
initially as red, and later on as white,
lines on the skin. These lines represent
scars of the dermis, and are character-
ized by linear bundles of collagen lying
parallel to the surface of the skin, as well
as eventual loss of collagen and elastin.
Reports differ on the level of fragmenta-
tion of elastic fibers (Zheng et al., 1985;
Sheu et al., 1991). Estimates of the
prevalence of stretch marks range from
50 to 80% (Atwal et al., 2006; Cho
et al., 2006). Although stretch marks are
only harmful in extreme cases (Dosal
et al., 2012), even mild stretch marks
can cause distress to the bearer.
The causes of stretch marks are not
well understood. Excessive skin
distension (such as that which occurs
during pregnancy, growth spurts in pub-
erty, or rapid weight gain), prolonged
exposure to cortisol (such as in indivi-
duals with Cushing syndrome), and
genetics may all have a role (Elsaie
et al., 2009). A few monogenic connec-
tive tissue diseases, including Marfan
syndrome and congenital contractural
arachnodactyly, are known to be
associated with stretch marks. These
syndromes are caused by mutations in
genes that encode extracellular matrix
proteins (fibrillin-1 and fibrillin-2,
respectively) that are part of elastic
microfibrils present in skin and other
tissues. However, to date, no genetic
variants are known to be associated with
isolated stretch marks that afflict the
general population.
To identify variants associated with
the development of stretch marks, we
conducted a genome-wide association
analysis of stretch marks in a discovery
cohort of 33,930 unrelated 23andMe
customers (Supplementary Table S1
online) of European descent. There
were a total of 13,068 cases and
20,862 controls. The 18,650 men in
the cohort were much less likely to
report stretch marks (25% versus 55%
of women), which is consistent with
other reports (Elsaie et al., 2009).
We further evaluated the associated
variants in a cohort consisting of 4,967
female 23andMe customers of
European descent (disjoint from the
first group) who reported on severity of
stretch marks during pregnancy (also
known as striae gravidarum, a closely
related phenotype). See Supplemental
Methods for additional details on
phenotyping. The protocol for this
study was approved by an independent
institutional review board (E&I Review
Services) and was conducted accord-
ing to the Declaration of Helsinki
Principles; all study participants pro-
vided informed consent online, which
was recorded in an electronic database.
See Supplementary Methods for details
on genotyping and imputation. All
analyses used logistic (discovery cohort)
or linear (pregnancy cohort) regression
against imputed allele dosages, con-
trolling for age, population structure
(using five principal components), and
(except for the pregnancy cohort) sex.
Because the prevalence of stretch marks
differs between men and women, we
checked for but did not observe differ-
ing effects for the single-nucleo-
tide polymorphisms (SNPs) in men and
women.
Four regions were significantly
(Po5e8) associated with stretch marks
(Table 1, Figure 1, Supplementary
Figure S1 online). The most strongly
associated SNP in the first region,
rs7787362 (P¼ 1.8e 23, odds ratio
(OR)¼ 0.84), lies 40 kb upstream of the
ELN (elastin) gene. It was also asso-
ciated with striae gravidarum in the
pregnancy cohort (P¼ 7e5, b¼
 0.072, Supplementary Table S2
online). Elastin is the major component
of elastic fibers, which provide reversible
extensibility to connective tissue. Muta-
tions in elastin that result in a loss of
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